Model ages were calculated using the following parameters: primitive upper mantle values of Meisel et al. (2001) Os/ 188 Os = 0.1296 and Os solar system initial and Re decay constant of Smoliar et al. (1996) 187 Os/ 188 Os(i) = 0.09524 and λ . 1) Basaltic host eruption age; 2) Olivine forsterite content (Fo = (100*Mg/(Mg + Fe 2+ )); 3) Spinel Cr-number (Cr# = (100*Cr/(Al + Cr)); #) replicate TIMS analysis of sample.
187 Os/ 188 Os (i) 1) Mineral abbreviations: Ol = olivine; Opx = orthopyroxene; Cpx = clinopyroxene; Sp = spinel; Pl = plagioclase. Approximate mineral abundances based on thin section petrography: A = abundant >25%; C = common 10-25%; M = minor 5-10%; t = trace 1-5%; r = rare <1%. 2) Average composition of the mineral phase within the sample calculated on the basis of molar abundance: olivine forsterite content (Fo = 100*Mg/(Mg + Fe 2+ )); orthopyroxene enstatite content (En = 100*Mg/(Mg + Fe 2+ )); clinopyroxene Mg-number (Mg# = 100*Mg/(Mg + Fe 2+ )); spinel Cr-number (Cr# = 100*Cr/(Al + Cr)); plagioclase anorthite content (An = 100*Ca/(Ca + Na + K)). Rock type is defined using the classification of Streckeisen (1976) . Textures were based on the work of Mercier and Nicolas (1975) . * Mineral modes are only indicative estimates and should be viewed with caution due to the large crystal size especially in the smaller xenoliths. ^ Represents the compositional analyses reported for the same xenolith by Tulloch and Nathan (1990) .
Ar (J)
Age data is sourced from the following: (A) Briggs et al. (1989) and Stipp (1968) ; (B) Adams & Nathan (1978) ; (C) T. Waight pers comm. (2012) University of Copenhagen, Amphibole age; (D) Timm et al. (2010) ; (E) Hoke et al. (2000) based on Adams &Coombs unpublished data; (F) Timm et al. (2009) ; (G) Kaersutite megacryst (Hoernle et al., 2006) ; (H) Coombs et al. (2008) . The age range of the Waipiata Volcanics is 11-25 Ma (Hoernle et al., 2006) ; (I) Hoke et al. (2000) based on McDougall & Coombs, (1973) 
South Island Canoe Creek
Sample: P43153b This xenolith is a spinel harzburgite approximately 25 x 20 mm in size. The sample comes from a basaltic dyke in Canoe Creek, south of Westport in Westland and was provided courtesy of GNS Science and is similar to those previously described in Tulloch and Nathan (1990) .
P43153b has a protogranular texture and is dominated by large olivine and orthopyroxene grains (4-8 mm in size). Clinopyroxene is absent and spinels are commonly small reddish-brown blebs. One large Cr-symplectite up to 5 mm across in association orothopyroxene is observed. Olivine displays weak to moderate kink banding. Alteration is weak producing in areas an assemblage of iron-oxyhydroxides, serpentine, chlorite, talc and magnetite.
Strauchon Creek
Sample: P45280 This xenolith is approximately 4 x 3 cm in size and is a spinel harzburgite. The sample comes from a camponite dyke at the mouth of Strauchon Creek, next to Lake Brunner, Westland.
Fortification Peak
Samples: 2, 4, 5, 7, 8 & 11 Xenoliths are generally 5-10 cm in diameter and consist of predominantly spinel lherzolites and minor harzburgites. Samples were collected from an abandoned road metal quarry from a small monogenetic basalt cone of the Waipiata Volcanics, Dunedin Volcanic Group (Coombs et al., 1986) to the west of Dunedin in Otago.
Xenoliths at this locality vary from protogranular with large olivine and orthopyroxene with slightly smaller clinopyroxene (e.g., WFP-7), to samples dominated by equigranular textures with generally equant (0.5-1 mm) grains/recrystalised subgrains and only minor relict larger pyroxenes (e.g., . Some xenoliths are dominated by large domains of microscopic recrystallised olivine (e.g., WFP-11). Minor kink-banding is observed in xenoliths with large olivines. Exsolution lamellae are generally thin and weak but wider bands are observed in WFP-8. Alteration varies from weak to some almost unaltered samples (e.g., WFP-7). Minor serpentine and magnetite veins are observed this assemblage is also localised in recrystalised domains and around xenolith edges. Vugs filled with chlorite + serpentine + calcite occur in close proximity to some xenoliths and is rarely observed crosscutting the xenoliths (e.g., WFP-2; basalt infiltration). Where basalt infiltration was indentified it was avoided.
Waitaha domain Stoddard Basalt
Samples: MSI20C, MSI20G & MSI20H Xenoliths are all spinel lherzolites and are generally ~3-4 cm across. Samples were collected in the northeastern part of Banks Peninsula, Canterbury from the Le Bons Peak Basanite, Stoddard Basalt, Diamond Harbour Volcanic Group (Sewell, 1988; Sewell et al., 1993; Sewell et al., 1992) . The host rock of these xenoliths was analysed in Timm et al. (2009) .
Xenoliths display a protogranular texture with abundant olivine and orthopyroxene grains up to 5 mm in diameter and minor (~5-10%) clinopyroxene. Spinels are dark brown blebs up to 1mm across. Minor kink-banding is observed in olivine. Domains of recrystalised fine grained (< 0.5 mm) olivine occur in some regions. Alteration is very weak with a thin alteration rim of gertite around the xenoliths and cracks filled with rare iron-oxyhydroxides or serpentine.
Kakanui
Samples: MSI79A & MSI79C Xenoliths are small (<40 mm in diameter) spinel bearing lherzolites. Samples were collected from South Head near the township of Kakanui from an outcrop of the Kakanui Mineral Breccia (Dickey, 1968; Mason, 1966 Mason, , 1968 which belongs to the Deborah Volcanics, Alma Group (Forsyth, 2001) .
Xenoliths are predominantly protogranular with grains generally 2-4 mm in size. They comprise abundant olivine and subequal amounts of orthopyroxene and clinopyroxene (~20% each). Fine grained olivine (<0.5 mm) is restricted to a small domain in MSI79C. Alteration is very weak to an assemblage of iron-oxydroxides.
Trig L Samples: WTL-1, 2, 3 & OU45852 Xenoliths are generally large at 8-40 cm in diameter and consist of predominantly spinel lherzolites with rare harzburgites. Samples were collected from a small monogenetic basalt volcano of the Waipiata Volcanics, Dunedin Volcanic Group (Coombs et al., 1986) near Trig L in inland Otago.
Xenoliths have a protogranular textures consisting of large olivine and orthopyroxene (5-7 mm) with smaller clinopyroxene (1-2 mm). Spinels are generally tan coloured blebs, although some large vermicular spinels are observed within orthopyroxene. Fine exsolution lamellae are observed in some pyroxenes, while kink banding of olivine is weak to moderate. Minor domains of smaller (1-2 mm) equigranular olivine occur. Alteration is very weak to weak with minor serpentine ± magnetite filled veins and rare magnetite alteration of spinels.
Ram Rock
Samples: 3, 5, 6, 7 & 9 Xenoliths are generally 4-8 cm in diameter and consist of spinel lherzolites and harzburgites. Samples were collected from an abandoned road metal quarry from a small monogenetic basalt cone of the Waipiata Volcanics, Dunedin Volcanic Group in inland Otago.
Xenoliths display a protogranular texture consisting of predominantly large (5-8 mm) olivine and orthopyroxene grains. All of the samples contain some clinopyroxene (~0.5-8%) which is generally of smaller size (0.5-3 mm). Spinels are generally red brown and appear as symplectites or small blebs. Kink banding of olivine is moderate to strong, and fine exsolution lamellae in pyroxenes are moderate to intense (e.g., WRR-9). Small domains of equigranular olivine (~1 mm in size) occur is some samples. Recrystalised microscopic equigranular olivine occurring in veins or pockets around olivine or spinel can be abundant (e.g., WRR-9). Alteration is weak with minor serpentine ± magnetite filled veins and rare iron-oxyhydroxides. Basalt infiltration is observed and was avoided where possible (e.g., WRR-6).
Pilot Point
Samples: DPP-1, 2, 3, 5 & 6 Xenoliths are generally from 5-10 cm in diameter and are exclusively spinel lherzolites. Samples were collected from a basanitic lava flow below the high tide line at Pilot Point, at the western end of Murdering Beach on the northern side of the Otago Peninsula. The flow is part of the Dunedin Volcano, Dunedin Volcanic Group (Coombs et al., 2008) .
Xenoliths exhibit a protogranular texture and consist of predominantly large (4-8 mm) olivine, orthopyroxene, and clinopyroxene grains. However, some mosaic equigranular domains with smaller olivine (0.5-1 mm) grains are observed. Spinels are generally large up to 2 mm in size and tan coloured. Isolated melt channels of recrystallised microscopic equigranular olivine are observed. Alteration is moderate to strong, with olivine intensely altered to iron-oxyhydroxides ± calcite + talc (?) with rare fresh domains. Pyroxenes are generally fresh. Calcite crystals up to 2 cm long are observed in vugs around the edges of the xenoliths.
Chatham Islands Ohira Bay
Samples: P80180, P80290 & P80291 Xenoliths are spinel lherzolites and vary from approximately 5-8 cm in diameter. Samples are from a columnar basalt at Ohira Bay, northwest Chatham Island they belong to the Southern Volcanics of the Pitt Island Group (Campbell et al., 1993; Forsyth et al., 2008) . These samples were provided courtesy of GNS Science from the Petlab database.
Xenoliths exhibit a protogranular texture with large olivine (4-8 mm) and pyroxene grains, with minor subgrain domains of equant olivine (<2 mm). Spinels are generally redbrown blebs although rare Cr-symplectites are observed (e.g., P80180). Kink banding of olivine is minor to strong. Orthopyroxene shows strong finely spaced exsolution lamellae and some strain cracking. Melt pockets within olivine can be up 0.4 mm across. Alteration is weak with minor replacement by chlorite, iron-oxyhydroxides and magnetite.
Snake Gully
Samples: P80354a, P80354b & P80354c Xenoliths vary from 2-6 cm in diameter and are exclusively clinopyroxene poor lherzolites. Samples come from a xenolith-rich basaltic lava flow from Snake Gully, southwestern Chatham Island near Cape L'Eveque and belong to an Early Paleocene member of the Keikorone Group. The units of the Keikorone Group were described in detail by Campbell et al. (1993) . Based on recent mapping (Campbell et al., 1993; Forsyth et al., 2008) and new age data it is unresolved whether this flow is part of the Red Bluff Tuff or the Northern Volcanics (H. Campbell pers comm. 2012) . These samples were provided courtesy of GNS Science from the Petlab database.
Xenoliths exhibit protogranular textures with large olivine grains (5-6 mm) and smaller orthopyroxene and clinopyroxene. Clinopyroxene constitutes between 5-10% of these rocks, while spinels are small and rare blebs. Fine exsolution lamellae within orthopyroxene and clinopyroxene are common, along with cracking of pyroxenes along cleavage planes. Melt channels and pockets of devitrified glass (< 0.2 mm) are observed along with rare recrystalised equigranular/subgrain domains of olivine. Alteration is generally weak to an assemblage of chlorite, serpentine, magnetite and iron-oxyhydroxides.
Momoe-a-toa
Samples: P80351, P80352 & P80353 Xenoliths vary from 4-10 cm in diameter and consist of common gabbronorites and rare websterites. No mantle xenoliths were observed. Samples are derived from a pillow basalt near Cape Young, northern Chatham Island and belong to the Island's youngest episode of volcanism (ca. 5 Ma), the Momoe-a-toa Tuff is intercalated with the Rangitihi Volcanics of the Mairangi Group (Forsyth et al., 2008) . These samples were provided courtesy of GNS Science from the Petlab database.
Xenoliths exhibit crystalline granular textures with generally equant crystals (2-4 mm) of clinopyroxene, orthopyroxene and plagioclase. Gabbronorites contain up to ~40% plagioclase with this diminishing to <5% although the ratio of clinopyroxene to orthopyroxene remains approximately subequal. Large plagioclases exhibit multiple or cross hatched twining, orthopyroxenes commonly show weak exsolution lamellae. Alteration is very weak and restricted to grain boundary formation of iron-oxyhydroxides.
ANALYTICAL TECHNIQUES
Whole-rock powder major element analyses X-ray fluorescence spectrometry Major element analyses of xenoliths were carried out on an X-ray fluorescence (XRF) spectrometer at the Stellenbosch University, South Africa. Compositions were determined by the analysis of fused glass discs of whole-rock powders using a rhodium tube at 2.4 kW.
International rock standard (BHVO-2) and an in-house komatiite standard (94-077) were included in the samples analysed by XRF (Table DR4 ). All major element data are considered accurate to within 5%, except for elemental concentrations <0.5 wt %. 
Energy-dispersive spectrometry (small xenoliths)
Some xenoliths were too small to undertake conventional XRF analyses and therefore an alternative flux fusion method was implemented. Platinum crucibles were cleaned using weak HCl and subsequently methanol and Kim-wipes prior to sample addition. Approximately 200-250 mg of whole-rock powder was weighed out and combined with twice as much Li-B flux (12:22; lithium tetraborate: lithium metaborate) in the crucibles. Samples were then fused at 1080°C for ~5 min with the crucibles agitated with tongs to homogenize the material. The molten material (i.e. melted sample and flux) was allowed to quench, the glass was broken up and then remelted for a further ~5 min to ensure complete homogenisation. The glass was again broken and glass chips were then mounted in 25 mm round epoxy mounts and polished to expose the sample. Major element analyses were conducted using a JEOL 6400 equipped with an Oxford light element energy-dispersive spectrometer (EDS) at the Centre for Advanced Microscopy, Australian National University (ANU). Analytical conditions consisted of an accelerating voltage of 15 kV, beam current of 2nA and a count time of 180 s. Analyses were conducted using a focused beam rastering over an area 40 x 30 µm in size. Glasses appear homogenous from back scattered electron images with final results consisting of the average of 8-10 randomly chosen analysis areas. Due to the difficulty in measuring Li and B, the analysis totals were low ~33-40% but internally consistent with the sample to flux ratio of the individual samples. Data were then normalized to 100% on an anhydrous basis. A zero correction was applied to the spectra for Na, S based on the recommended contents in PCC-1 (i.e. almost zero).
International rock standards (BHVO-1 and PCC-1) were included in the samples analysed using this method (Table DR5) . Data are precise and accurate to ≤ 6% for all elements with concentrations ≥ 1 wt. %. 
Electron Probe Micro Analysis
Electron probe micro-analysis (EPMA) was undertaken at the Research School of Earth Sciences, ANU using a CAMECA SX100 Superprobe equipped with four wavelength dispersive spectrometers. The instrument was calibrated using natural and synthetic standards: Si -quartz; Al -corundum; Mg -periclase; Fe -K412; Na -amelia albite; Ksanidine; Cr -chromite; Ca and Ti -synthetic element oxides; V and Co -native metals. Secondary standards were analysed throughout the analytical session to monitor spectrometer drift, accuracy and precision. Analysis time was approximately 4-5 minutes. Detector set up for the electron microprobe was (1) Na, Mg and Al (TAP); (2) Mn, Ca and Si (PET); (3) K, Ti and Cr; (4) Ni, Fe and Co/V (LILF). Olivine, clinopyroxene and orthopyroxene were analysed using a static beam with a current of 100 nA and accelerating voltage of 15 kV. Spinels were analysed using a static beam measuring peak and background signals for 30 seconds with a current of 40 nA and an accelerating voltage of 15 kV.
All microprobe data for those elements quoted below are accurate to ≤ 3% and precise to ≤ 5% for major elements and ≤ 10% for minor elements. Analytical reproducibility of the San Carlos Olivine standard (USNM 111312/444) is better than: SiO 2 ± 1.1 wt %; Fe 2 O 3 ± 0.31 wt %; MgO ± 0.93 wt %; CaO ± 0.02 wt %; MnO ± 0.03 wt %; NiO ± 0.03 wt % (2 SD; n = 125). . Analytical reproducibility of the Tiebaghi Mine Chromite standard (USNM 117075) is better than: Al 2 O 3 ± 0.2 wt %; FeO ± 0.2 wt %; MgO ± 0.5 wt %; Cr 2 O 3 ± 0.9 wt % (2 SD; n = 16).
Re-Os isotope analyses

187
Os/
188
Os isotopic and Re and Os concentration measurements were conducted at the Isotope Geochemistry Laboratory (IGL), University of Maryland.
Thick walled borosilicicate Carius tubes were chilled prior to loading ~1.5 g of sample powder (0.5-1.0 g for small samples). To which a mixed 185 Os spike and 9.4 mL of Teflon distilled acid (4.0 mL of 12N HCl and 5.4 mL of 16N HNO 3 ) were added. Tubes were subsequently sealed and heated to 270˚C for four days. Osmium was extracted from the aqua regia (AR) solution using CCL 4 (Cohen and Waters, 1996) , and then back-extracted into HBr, and finally purified via micro-distillation (Birck et al., 1997) . Rhenium was separated and purified from the AR solution using AG1-X8 anion exchange resin (Ireland et al., 2009) . After eluting dilute HNO 3 , Re was collected in 12 mL of 6N HNO 3 and then further purified with a second small column filled with AG1-X8 anion exchange resin.
Osmium isotopic measurements were performed by negative thermal ionisation mass spectrometry (N-TIMS) (Creaser et al., 1991) Os = 0.11374 ± 17; 2σ; n = 18). Rhenium analyses were conducted using a Nu Plasma inductively coupled plasma mass spectrometer (ICP-MS) in static mode with a triple electron multiplier configuration. Samples were aspirated using an Aridus desolvating nebuliser. Isotopic mass fractionation was monitored and corrected for using sample standard bracketing (generally every four samples). The accuracy of this method at the IGL has been previously quantified by Puchtel et al. (2008) . Aliquots of the iron meteorite Dronin were run during the analytical session as a secondary standard and agree within < 2% with Faraday cup values (Puchtel et al., 2009; Puchtel et al., 2008) . Average total analytical blanks were: Os = 2.4 pg (n = 2) and Re = 0.33 pg (n = 3). Blank corrections are generally negligible for Os (< 0.2%) except for those samples with very low Os contents (e.g., P43153b, P80291). For these two samples, the blank comprised as much as 9% of the total measured. Rhenium blanks comprised 0.1-6% of the total measured, but for most analyses the blank was <1%. Average long-term total analytical blanks at the IGL are (±2 mean , n = 10): Re 0.44 ± 0.14 pg, Os 0.22 ± 0.05 pg. Figure DR1 : Plot showing the relationship between the forsterite content of olivine and the coexisting chromian spinel in New Zealand mantle xenoliths. Also shown is the olivine spinel mantle array (OSMA) of Arai (1994) . Note: Three samples fall outside the OSMA: NGB-3 contains secondary metasomatic veins of clinopyroxene which may have had no effect on the primitive spinel composition but re-equilibrated the olivine; WRR-6 represents only one spinel analysis, additionally this sample contains evidence of basalt infiltration and therefore was not analysed for Os isotopes; P45280 tie line goes between composition measured in this study and that reported in Tulloch and Nathan (1990) for the same xenolith, olivine in this samples is intensely altered. NINorth Island; CI -Chatham Islands. All other samples are from the South Island. Numbers in parentheses represent the 2 standard deviation of the replicate random analyses areas (n = 10 (MSI20C, MSI20G, MSI79C, P43153b); n = 8 (MSIK33C)). Rock types: lhz = lherzolite; hzb = harzburgite. A or B: Represent replicates on a single crystal; C or R: Represent the core or rim of a single crystal, respectively; Trav: Represents a traverse perpendicular to a diffusion boundary at the xenolith edge *Analysis of a secondary standard; olivine from a mantle xenolith from Mount Quincan, Queensland 
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